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• A computer program for simulating the performance of
the 100-B Surface Effect Ship is used to study the longi-
tudinal motions of the ship under various wave conditions.
An investigation into the effect that waves have on bow
seal, stern seal, and plenum presures is conducted. The
relationship between the different pressures and their
associated requirements of input air from the fans is
studied. It is concluded that the computer program is
limited to a certain range of speeds. The concept of the
ship capturing air to reduce drag and increase its speed
is questionable due to the rapid replenishment of air
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aerodynamic force in x direction
bow seal force in x direction
bubble-type force in x direction due to drag
between bubble and wave surface
rudder force in x direction
stern seal force in x direction
sidewall force in x direction
mass moment of inertia about x-axis
mass moment of inertia about xz-axis
mass moment of inertia about y-axis




length of craft (72 feet)
mass
mass of the air bubble
pitch moment
rotational velocity about x-axis

























= pounds per square foot
= yaw angle
= rotational velocity about y-axis
= air flow rate in
= air flow rate out
= rotational velocity about z-axis
= right hand side
= shear and moment
= sidewall
= stern seal
= standard atmospheric reference





= horizontal distance in direction of motion






Conventional monohull displacement ships are limited to
a maximum speed of approximately 50 knots. This is because
the drag on conventional displacement ships increase exponen-
tially with speed, resulting in a limit as to maximum
economical propulsion plant that can be installed.
Many new designs of ships have been proposed over the
past few years. These include the "slender body" ship,
catamaran, hydrofoils, semisubmerged ships, air cushion
vehicles (ACV), and surface effects ships (SES). All of
these types of ships or vehicles have certain advantages
and disadvantages.
One of the most promising designs in overcoming the 50
knot speed limit is the surface effect ship. The surface
effect ships are usually classified as to either the Captured
Air Bubble (CAB) type or the Hovercraft (GEM-Ground Effects
Machine) type.
The Hovercraft design is size limited due to the
inefficient use of forced air to keep the craft above the
water surface. No attempt is made to "capture" the air
under the craft although the design of flexible skirts
around the craft have been improved in recent years to
retard the leakage rate of the forced air.
The Captured Air Bubble design uses rigid sidewalls and
flexible seals (bow and stern) to "capture" the forced air

in the plenum, thereby reducing the size of the machinery
required to generate the input air flow. The drag created
by the CAB craft is reduced considerably when the craft is
operating in the "on bubble" mode. This in turn allows for
a greater speed than conventional monohull ships for the
same amount of thrust . The CAB is not size limited as is
the case of the Hovercraft.
To date three CAB type vehicles are operational.
a. The XR-3 craft was built by David Taylor Model
Basin (now designated Naval Ships Research and Development
Center [NSRDC]). It has a displacement of approximately
2.5 tons. The XR-3 is presently located at the Naval
Postgraduate School (NPS), Monterey, California.
b. The SES 100-A craft was built by Aerojet-General
Corporation. It has a displacement of approximately 100
tons and is located at Tacoma, Washington.
c. The SES 100-B craft was built by Bell Aerospace
Company with headquarters at Michoud Station, Louisiana.
It has a displacement of approximately 100 tons and is
presently located at Lake Pontchartrain, Louisiana. To
date this craft has been run at speeds in excess of 70
knots [Ref. 1].
To better understand the motions and loads of the SES
100-B CAB, the Surface Effect Ships Project Office in
Washington, D.C. issued a contract to Oceanics, Inc. of
New York to write a computer program and gather certain
basic data on the SES 100-B. The computer program was
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completed in 1971 and a copy of the program was Installed
in the W.R. Church Computer Center at Monterey in October,
1972.
This investigation will concern itself only with pre-
senting results obtained in exercising the computer program
developed for the SES 100-B CAB.
In a letter to Doctor G.J. Thaler, NPS , Monterey, from
Mr. S. Davis, SESPO, [Ref. 2], a list of future studies of
the SES 100-B craft, using the computer program developed
by Oceanics, was suggested. This author selected to study
the variation of pitch, heave, and pressures in regular
waves (ahead and astern) by varying ship speed, wave length,
and wave height as suggested in paragraph 2a, [Ref. 2].
11

II. NATURE OF THE PROBLEM
A. LEADING PARTICULARS
The following is a list of the leading particulars of
the SES 100-B craft.
1. Dimensions
Length, Overall 76.3 ft.
Beam, Overall 35.0 ft.
Height, Overall 27.0 ft.
Hull Length 72.0 ft.
p
Cushion Area 1907 ft.
Bubble Pressure 92.8 PSF
Distance Centerline to Sidewall 15.5^ ft.
Plenum Length at Water Surface 65.31 ft.
Plenum Width at Water Surface 31.16 ft.
Plenum Average Height 6.17 ft.
Froude Number 0.6
Keel to Deck 13-5 ft.
2. Weights
Empty Weight 103,071 lbs
Gross Weight 209,999 lbs (105 tons)
3. Center of Gravity
Longitudinal Feet Forward of Transom 33.09 ft.
Transverse Feet to Starboard 0.0 ft.





Three (3) Pratt and Whitney FT 12A-6 Marine Gas
Turbines. ^500 HP (each) Rated at 59°F.
5 Propeller s
Two (2) Supercavitating CRP Marine Screws,
Diameter 3.50 ft.
Feet Forward of Transom -1.0 ft.
Feet from Centerline to Propeller Center 15.75 ft.
Feet Above Keel .09 ft.
6. Fans
Number of Bow Seal Fans 1
Speed of Bow Seal Fans 1700 RPM
Number of Cushion Fans 5
Speed of Cushion Fans 1700 RPM
Number of Stern Seal Fans 2
Speed- of Stern Seal Fans 1870 RPM
Maximum Total Fan Power 1187.5 HP
7. Rudders
Number of Rudders 2
Feet Forward of Transom 6.125 ft.
Feet from Centerline to Rudder Centroid 15. 6 ft.
Feet Above Keel -1.5 ft.










Distance of Appendage Centroid Forward
of Transom 15.0 ft.
Distance from Centerline to Centroid
of Appendage 14.875 ft.
Distance of Appendage Centroid Above
Keel
-1.5 ft.
Appendage Cant Angle (positive cant
angle is inboard) 30.0 deg.
B. COORDINATE SYSTEM
A body moving in a fluid can move in all six degrees of
freedom of motion — translation along each of three
orthogonal axes and rotation about each of the three axes.
The SES 100-B craft has a plane of symmetry (as have most
ships in existence), which is defined by the ship's center-
line and a line perpendicular to the ship's deck. The axis
system describing the SES 100-B craft is assumed to trans-
late with the craft and only to allow rotation of the axes
about the vertical axis. With the inertial frame axes being
a right handed cartesian coordinate system, represented by
x




} o* o r '
°
at a reference point on the undisturbed free surface, the
z-axes are identical. The ship axis system has its origin
at the center of gravity of the ship with the x-axis positive
toward the bow, y-axis positive to starboard, and z-axis
positive downward. The relationship between the inertial
reference frame and craft axis system is based upon the
Ik

values of pitch (6), roll ( <J> ) , and yaw (Y) angles. This
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The computer program does not allow for an instantaneous
build-up of wave amplitude. Instead an exponential rise
in wave amplitude is used based on the formula
wave amplitude 1.0 - e
time
1.30287 (2)
A one foot amplitude will require approximately 4.0
seconds to build up to 95 percent of maximum amplitude and
approximately 6.0 seconds to build up to 99 percent of
maximum amplitude.. The reason for this exponential build-up
of wave amplitude is that the integration routine used in
the computer program cannot calculate accurately such an
instantaneous jump.
D. COMPUTER SUBPROGRAMS
The computer program developed for the SES 100-B craft
uses various subprograms for calculating data. These





The main program contains the logic for inter-
connecting the various subroutines. It compares the running
value of time with the finish time, calculates the next
value of time for printing after each print time, and
provides some output data. It contains the logic for
integration of the trajectory (x,y,y) by the trapezoidal
rule.
Output is time, U, V, W, P, Q, R, Z, Phi, Theta,
X, Y, Psi, sideslip angle, rudder angle, and thrust.
2. Subroutine AEROD
Subroutine AEROD calculates the aerodynamic
forces and moments on the craft.
Output is aerodynamic forces and moments.
3- Subroutine BOWSL
Subroutine BOWSL calculates the forces and moments
due to the bow seal and the leakage flow rate associated
with any gaps under the various bow seal stations.
Output is the gap at the various stations, wetted
lengths at the various stations, and forces and moments due
to the bow seal.
M. Subroutine COLFIL
Subroutine COLFIL gives a tabular summary of
selected variables in the vertical and/or lateral plane.





Subroutine DMINV is a matrix inversion package used
for inverting the mass matrix. The method used is the
standard Gauss-Jordan technique. The determinant of the
matrix is also calculated.
There is no output from this subroutine.
6. Subroutine FAN
Subroutine PAN is used to calculate the inflow to
the plenum from the fans for a given pressure differential
across the fans.
Output is flow rates and pressure differentials
across the bow seal, plenum, and stern seals.
7. Function FG1
The purpose of FG1 is to perform the task of
evaluating a tabular function y = f(x). The procedure
used is linear interpolation between data points.
There is no output data from function FG1.
8. Subroutine FORIT
Subroutine FORIT is used to obtain a Fourier analysis
of a periodically tabulated function.
There is no output data from subroutine FORIT.
9. Subroutine INCON
Subroutine INCON contains the logic for the reading
of all input data, the initialization of variables, and
for the initiation of new cases.
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Output is a complete listing of all initial condi-
tions. The initial conditions will always be printed at
the start of each new case.
A sample data deck for establishing initial
conditions is contained in Appendix B.
10. Subroutine INTGRL
Subroutine INTGRL is used to integrate a system of
first order ordinary differential equations. It uses a
variable time step technique based on the Runge-Kutta-Merson
algorithm. The program will stop the calculation if the
time step becomes smaller than 10" sec.
Outputs will occur when the calculated error is
greater than the tolerance set on that particular integra-
tor. Output format contains time, integrator step size
(DELT), integrator number (J), error value, and tolerance
value.
11. Subroutine PROP
Subroutine PROP calculates the forces and moments
on the craft due to the propulsion system. The port engine
is always assumed to be the engine which fails if an engine
out is designated.
Output is the propulsion forces and moments.
12. Subroutine RHS
Subroutine RHS contains the FORTRAN expressions for





Output consists of plenum pressure, fan power re-
quired, fan flow rate, leakage flow rates for bow, sidewall,
and stern seals, plenum area and volume, total forces and
moments, bow and stern accelerations, and an array of
values of the right hand side of the differential equations.
13- Subroutine RUDDER
Subroutine RUDDER calculates the forces and moments
on the rudder as well as the rudder motions.
Output is the forces and moments on the rudder.
14. Subroutine SAM
Subroutine SAM performs all the processing and
calculations involving determination of shears and moment.
This subroutine was not required to be used in
obtaining the data contained in this report.
15. Subroutine SIDEWL
Subroutine SIDEWL calculates the forces and moments
due to the sidewalls as well as the leakage flow rates
associated with any gaps under the sidewalls. The subroutine
also contains the logic for the forces and moments due to
the appendages (fins).
Output is the gap and immersion depth at designated
stations along port and starboard sidewalls and also the
forces and moments due to the sidewalls.
16. Subroutine STNSL
Subroutine STNSL calculates the forces and moments
acting on the craft due to the stern seal as well as the
19

leakage flow rates arising from any gaps which open under
the seal.
Output is gap and stern seal wetted lengths at
various stations across the stern seal in addition to forces
and moments arising from the stern seal.
17. Functions Tl and T2
Functions Tl and T2 are two function subroutines
used to calculate various trigonometric relations used
by subroutine WAVES.
There is no output data from Functions Tl and T2
.
18. Subroutine WAVES
Subroutine WAVES calculates the wave forces and
moments acting on the craft. It also generates the wave
amplitudes at various stations around the seals and sidewalls,
as well as bubble volume lost due to wave elevation. The
sea state for irregular seas is computed by adding together
a series of regular waves with an appropriate distribution
of amplitude and frequency.
Output is the wave elevations relative to calm water
at the various stations around the bow seal, stern seal,
port and starboard sidewalls. Also the wave elevation at
the center of gravity, plenum volume lost due to waves,
and wave forces and moments are listed.
E. EQUATIONS
The ten (10) first order ordinary differential equations
derived [Ref. 3] for use by a digital computer are:
20

u = mx (3)
v = my - mur ( 4
)
w = mz (5)
p = I K - I N (6)H xx xz
q = I M (7)
yy
r -I X + I JN (8)
xz zz
w = z (9)
p - i do)
q = e (11)
m. = p (Q, - Q , ) (12)b a In out
In addition three (3) auxiliary equations [Ref. 3] are
used. These are
t
x = / u dt (13)
o
t
y = / v dt (14)
o
t
Y = /r dt (15)
o
Since the variables x, y, and ¥ defined in Equations
(13) - (15) are expected to have (in general) slow variation
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and do often extend to large values, Simpson's Rule
Technique is used for integration in the Main Program
section.
Equations (3) - (12) use the Runge-Kutta-Merson method
of integration. A tolerance level is selected for each of
these equations. A truncation error, e, is calculated. If
any element in e > tolerance level, then the trial time
step size previously selected is halved and the computations
are repeated for that time step. If all elements of
e <_ 1/16 tolerance, the step size Is then doubled in the
next integration step. Otherwise the computations proceed
using the same step size for the next calculations.
F. NUMERICAL INTEGRATION TECHNIQUE
There are many integration schemes to choose from for
a general system simulation where speed and accuracy is of




III. COMPUTER PROGRAM PROCEDURE
A. PROGRAM FAMILIARITY
The first priority in using the computer program devel-
oped by Oceanics, Inc. was to become familiar with the
various subroutines and to determine the limitations of
the program. Very little data is available at present on
the performance of the SES 100-B; either through computer
simulation or actual craft tests. Since the computer
program was installed at NPS, Monterey in October, 1972,
this author was one of the first persons to use the program
installed in the NPS 360/67. As a result, this author was
like a growing lad; first learning to crawl, then walk,
and finally to run as more and more knowledge was obtained
regarding the computer program.
B. MULTIPLE CASES
V/hen making multiple cases (runs) using one data deck,
all control statements not specified for that particular
case will carry the values of the specified data from the
previous control statement over into the next case.
C. LIMITATIONS
The limitations that were determined [Ref. 4] prior to




The maximum number of wave components that can be





No provision is made in the computer program for
inputing wind direction and wind speed.
3. Speed
The minimum speed that can be used is the hump speed
(16.32 kts) which is where the craft goes into the "on
bubble" mode.
4. Water Contact with Top of Plenum
No provision is made in the computer program for
calculating the effect of water striking the top of the
plenum. The program does print the time, immersion depth,
and location along sidewall where this water contact does
occur.
5. Draft
The range of drafts must be selected so that the top
of the plenum does not sink below the water surface. For
the SES 100-B, a maximum draft of 6.17 feet is allowed.
6. Fan Flow Rates and Fan Power
Fan flow rates and the associated fan power required
to produce the fan flow rates are considered to be instan-
taneous values. No delay times are used in the computer
program when fan power and fan flow rates are changed in
value.
D. INITIAL CONDITIONS
The first data that must be obtained is the initial
conditions for various speeds under calm water conditions.
24

No waves are used so control statement 01102 (see Appendix
B) is omitted. In addition the speed is a constant input
and the thrust is allowed to vary by placing a one (1.0) in
columns 26-35 of control statement 00105 (see Appendix B).
To insure that calm water steady-state conditions are
reached, the problem time should run to at least HO seconds.
The initial steady-state variables that are required as
output data are draft, pitch angle, plenum pressure, and
thrust. This data can be obtained by placing a one (1) in
block 15, 35, and 55 on the IBM card following control
statement 00102 (see Appendix B). This data could be made
part of the variables printed under the vertical and lateral
plane summaries of control statement 00104 (see Appendix B).
The initial condition values obtained are shown in Table I.
The ratio of problem time to computer time was found to be
1:0.8 for establishing initial conditions.
To check to see if initial conditions are correct, a
zero (0.0) is placed in blank 26-35, or leave blank, of
control statement 00105. A blank is considered a zero in
the computer problem. This establishes the value of thrust
as initial condition and allows the speed to vary. The
values of the initial condition variables should not change
with time if the initial conditions are selected correctly.
E. TOLERANCE VALUES OF INTEGRATORS
The next item that must be established is the tolerance
















16.5 27.87 1.420 17.04 0.09 8170.8
20.0 33.78 1.406 16.87 0.12 6490.6
25.0 42.22 1.381 16.57 0.15 5314.9
30.0 50.67 1.351 16.21 0.18 4882.7
32.5 54.89 1.334 16.01 0.19 4832.4
33.0 55.73 1.330 15.96 0.20 4832.3
35.0 59.11 1.315 15.78 0.21 4860.2
40.0 67.56 1.272 15.26 0.23 5091.4
45.0 76.01 1.223 14.68 0.26 5490.2
50.0 84.45 1.166 13.99 0.28 6002.1
55.0 92.90 1.103 13.24 0.31 -6589.3
60.0 101.33
.
1.033 12.40 0.33 7220.5
65.0 109.81 0.956 11.47 0.35 7872.8
70.0 118.22 0.874 10.49 0.36 8521.1
75.0 126.70 0.786 9.432 0.38 9147.1
80.0 135.11 0.694 8.33 0.39 9731.7
85.0 143.61 0.598 7.176 0.39 10254.3
90.0 152.0 0.498 5.98 0.40 10697.3
Note: Plenum pressure of 92.80 PSF is used as initial
condition for all speeds.
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procedure [Ref. 4] was to set all values to the order of 10 J
-9
to 10 . Then half the value of one tolerance, rerun the
program, and compare output data values. If the results do
not change drastically, then double the tolerance again. As
changes are noted in the integrator outputs, hold the toler-
ances for those integrators fixed and vary other tolerances
until the largest tolerances possible are obtained.
The inputs and output of each integrator are shown in
Fig. 1. Since simulation runs were made into or with waves
on a steady course, it was found that integrators number
three (3) and ten (10) caused the greatest change in output
data for a factor of ten (10) change in their tolerance.
The selected values of tolerances for each integrator
that were used in all computer simulation runs are listed
in Table II.
TABLE II
TOLERANCE VALUES FOR INTEGRATORS













RKM = Runge-Kutta-Merson Method
SR = Simpson's Rule
Figure l.
#
Inputs and Outputs of Integrators
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The values of the tolerances listed in Table II gave
output data that had less than one (1) percent difference
in values when the tolerance values were decreased by a
factor of ten (10). If integrator number three (3) or ten
(10) was increased in value by a factor of ten (10), the
output data would change by as much as six (6) percent.
F. INITIAL PARAMETERS SELECTED
The desired range of parameters initially selected to





Speed ranges of 30 knots to 90 knots were initially
selected in 10 knot increments to be investigated.
2. Wave Direction
Waves directly ahead and astern were selected to be
investigated.
3. Wave Length
Wave lengths from one-half lamda (1/2X) to five
lamda (5X) were initially selected to be investigated. X
is equal to the length of the SES 100-B which is 72.0 feet.
A
. Wave Amplitude
Wave amplitudes from 1 foot to 6 feet were initially
selected to be investigated.
G. CHANGING WEIGHT
Symmetry of weight distribution is assumed between port
and starboard side of the SES 100-B when using the computer
29

program. A nodal method is used to specify the weight and
center of gravity of each node. Control statement 00202 is
used with the nodal method. Appendix C lists the various
input values for the nodal distribution of weight and center
of gravity.
If additional weight is to be added to the craft, the
value of the weight to be added should be halved since
symmetry is used. The value used as input will only repre-
sent that amount added to the starboard side. The center
of gravity specified will be the same distance to starboard
as to port
.
Control statement 00201 uses the overall weight, center
of gravity, and mass movement of inertia about x-axis, y-
axis, z-axis, and xz-axis.
Even though control statement 00201 uses only one IBM
card, as compared to the numerous cards used with control
statement 00202 (see Appendix C), it was found from numerous
computer runs that the computer time decreased by approxi-
mately 10 percent when control statement 00202 was used.
H. PROBLEMS ENCOUNTERED
1. Minimum Speed
The first problem encountered in using the computer
program for the SES 100-B was that the longitudinal velocity
(U) did not reach a steady-state value when waves were used
at a speed of 30 knots. Varying wave lengths from 36
feet ( SgX ) to 360 feet (5A) and wave amplitudes from
30

0.01 feet to 1.0 foot at a speed of 30 knots caused the
longitudinal velocity to decrease exponentially as 1-e
until hump speed was reached. This result showed that the
longitudinal acceleration did not go to zero in order for
the longitudinal velocity (U) to reach a steady-state
condition.
An investigation into the various forces in the
x-direction was conducted. Table III is a list of the calm
water force components in the x-direction for various
speeds. Force component FXPWAV decays exponentially as
-1 56
e with an increase in speed. The other force compo-
nents (FXBS, FXSS, FXSW, FXRUD, FXAED) increase as U 2 with
an increase in speed. FXP and Thrust are equal and opposite
in value and represent the sum of all the forces in the
x-direction. A plot of FXPWAV and the other forces in the
x-direction versus speed (Fig. 2) shows that the cross-over
occurs at approximately 3^.0 knots.
An investigation into the minimum critical speed
(U ) was conducted (see Appendix A) with the result that
oc
U was approximately equal to 31.0 knots. This result
agrees fairly well with the cross-over of the e~ and U
forces. Based on these results, the minimum speed used to
obtain the output data was established at 35 knots.
2. Maximum Wave Amplitude
A 2 foot amplitude (height) wave is the same as a
4 foot high wave measured peak to trough. Wave amplitudes





(All Values in lbs)
SPEED (KTS) PXBS FXSS FXSW FXRUD FXAED PXPVJAY
104.6 795.6 117.2 116.3 15036.0
148.3 1130.2 166.1 170.8 11125.0
221.6 1694.1 250.7 266.9 7845.0
305.4 2349.7 352.0 384.3 5897.5
378.9 2933.3 445.1 493.7 4847.6
388.5 300Q.5 457.4 508.3 4738.O
398.0 3086.3 470.0 523.1 4632.5
497.0 3890.5 604.3 683.3 3758.6
702.1 5644.1 921.6 1067.7 2650.3
891.5 7478.9 1302.9 1537.7 1991.8
1028.8 9250.4 1747.5 2093.5 1564.4
1070.8 10812.0 2254.8 2735.2 1269.0




































computer program would stop in approximately 7 to 11 seconds
of problem time due to the size of the incremental integrator
step size becoming smaller than 1 x 10" seconds. Varying
the tolerance values assigned to each integrator would not
eliminate this condition. The result is that the Runge-
Kutta-Merson method of integration is restricted to a certain
range of wave lengths and wave amplitudes in order that the
error generated, when compared with tolerance values, be such
that the incremental step size of integration would be halved,
but not halved until the incremental step size was less than
1 x 10" seconds. Some limits of speed, wave length, and
wave amplitude are given in Table IV, for both ahead and
astern waves, where the computer program stopped due to the
incremental integrator step size becoming less than
1 x 10" seconds. In every case, this condition occurred as
a result of integrator number 3.
3. Water Contact with Plenum
The computer pro garm will print out the time, immer-
sion depth, and location along the sidewall whenever the
amplitude of the wave would strike the top of the plenum.
No provision is made in the computer program to account for
the additional forces created by the wave striking the top
of the plenum. It was assumed that immersion depths of only
several inches above the top of the plenum would have very
little effect on the performance of the craft. Since the
top of the plenum is 6.17 feet above the keel, immersion
depths equal to or less than 6.6 feet were considered as
34

having negligible effect. Data obtained where the immersion
depth was greater than 6.6 feet was considered invalid.
Some limits of speed, wave length, and wave amplitude are
given in Table IV for both ahead and astern waves.
k . Negative Fan Horsepower
Total fan horsepower is calculated based on the
amount of fan inflow rate into the bow seal, plenum, and
stern seal. Under certain wave conditions, a negative fan
inflow rate was indicated for either the bow seal, plenum,
or stern seal. Normally the total fan inflow rate would
range from 3,000 cubic feet per second to 10,000 cubic feet
per second. Several different computer output runs indi-
cated that the fan inflow rates to the bow seal would vary
between 1,000 cubic feet per second to -100 cubic feet per
second. This small amount of negative fan inflow rate, when
compared to the large net positive value of total fan inflow
rate, was considered not sufficient to alter the output data
When the net total fan inflow rate was negative, which
normally requires a negative fan inflow to all three loca-
tions, a negative total fan horsepower resulted. Since the
fans can not be put in reverse (pumping air out), this
condition was considered severe enough to cause the output
data to be invalid. Some limits of speed, wave length, and
wave amplitude, for both ahead and astern waves, are listed
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Problem Time Versus Computer Tine
The ratio of problem time to computer time for a
1 foot amplitude wave was found to be approximately 1:^0.
Increasing wave length and speed increased this ratio very
slightly (1:42). This ratio holds good for both ahead and
astern waves, with just a slight decrease in the ratio for
astern waves (1:38). Increasing the wave amplitude from
1 to 2 feet would change the ratio from 1:40 to 1:60.
Increasing the wave amplitude from 1 to 3 feet would change
the ratio from 1:40 to 1:70.
6
.
Reducin g Computer Time
It was found that using the calm water initial
conditions would require approximately 140 to 160 seconds
for the value of U to reach a steady-state condition. With
an additional 10 to 20 seconds added for printing out steady-
state values, a total of 2.0 to 3.0 hours of computer time
was required for each combination of speed, wave direction,
wave length, and wave amplitude.
To reduce the computer time required, a run of 40
seconds problem time was used with the initial calm water
conditions as input values. The value of U obtained for
each run was plotted between and *J0 seconds and an esti-
mate of steady-state speed (U) was made. This steady-state
speed (U) could be estimated because the speed (U) would
decrease exponentially with time from its calm water value
as waves were encountered. The new estimated steady-state
speed (U) was then used in control statement 01201 as a new
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initial speed, and the program was run for an additional
30 seconds. This resulted in a reduction of 1.0 to 1.5
hours of computer time for each parameter of speed, wave
direction, wave length, and wave amplitude used.
7 . Output Data Limitation
The IBM-36O/67 computer at the W.R. Church Computer
Center has a built-in limitation as to the maximum number
of pages of output data that can be obtained. A rule of
thumb used was that a maximum of 100 time intervals of
data could be printed out if all the print switches listed
under control statement 00102 were ON (indicated by a 1.0).
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IV. PRESENTATION OF DATA
A. DRAG VERSUS SPEED
A plot of drag versus speed under calm water conditions
is shown in Pig. 3- The results show that a minimum value
(saddle point) in the curve occurs at a speed between 32,5
and 33.0 knots. Comparing Fig. 3 with the results reported
in Ref. 5 } close agreement does exist between the value of
hump speed and the value of drag occurring at hump speed.
Figure 3 shows that the minumum value of drag occurs at a
lower speed and that this particular value of drag is less
than that reported in Ref. 5.
Figure 3 indicates that once hump speed is reached and
the craft goes "on the bubble", it would accelerate from
16.5 knots to approximately 68 knots under calm water
conditions if the value of thrust was held constant.
Reference 5 indicated that the craft would accelerate from
hump speed to a speed of approximately 40 knots if the
value of thrust was held constant.
B. STEADY-STATE SPEED
Each particular wave condition resulted in a different
steady-state speed being obtained. Table V lists the steady-
state speeds that were obtained from various wave directions,
wave lengths, and wave amplitudes. Although the steady-state
value of speed is only valid for the particular wave condi-
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steady-state speeds under wave conditions that are not
listed. This will reduce computer usage time if the proce-
dure listed in Paragraph III H-6 is followed.
C. BOW AND SIDEWALL LEAKAGE
Under certain wave conditions, air leakage would occur
from the bow and/or sidewalls. Of course this is in addi-
tion to the stern leakage that occurs under all sea
conditions. To better understand when leakage from the bow
and/or sidewall did occur, Table VI lists the steady-state
craft speed, wave direction, wave length, and wave amplitude
when this leakage occurred.
D. PHASE RELATIONS OF VARIABLES
To help understand how the simulated motions of the
craft would respond to varying wave conditions, a phase
comparison of selected variables with respect to wave motion
was conducted. It was found that changing the .speed of the
craft did not alter the phase relation between the selected
variables and the particular wave used under both ahead and
astern wave directions. In addition, changing the wave
amplitude did not alter the phase relation between the
selected variables and the particular wave used under both
ahead and astern wave directions. A representative initial
condition speed of 60 knots was selected to show the phase
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The variables that have been selected for study, based
on Ref. 2 are: Draft, Plenum Pressure, Bow Acceleration,
Center of Gravity Acceleration, Bow Seal and Sidewall
Leakage Rates (where applicable), Stern Seal Leakage Rate,
Input Fan Plow Rates (bow, plenum, stern), and Total Fan
Horsepower.
1. Ahead Waves
Wave lengths of 36 feet (1/2 X), 72 feet (A), and
108 feet (3/2 A) are shown in Figs. 1 through 2*1
.
Figures 4, 5, and 6 show that the response of the
center of gravity acceleration leads the wave for a wave-
length of 36 feet and lags the wave for wavelengths of 72
and 108 feet. The smallest magnitude of center of gravity
acceleration occurs for the 72 foot wavelength. Figures
7, 8, and 9 show that the bow acceleration is in phase with
the center of gravity acceleration and its magnitude is
larger. This is to be expected for a rigid type ship.
The average draft response is shown in Figs. 10, 11,
and 12. No distinct phase relationship exists since the
values of draft are averaged along the length of the side-
wall. Plenum pressure is the primary determinant in estab-
lishing average draft values. The higher the plenum pressure,
the smaller the average draft value that will occur. The
72 foot wave length' has the smallest draft with the corre-
sponding largest plenum pressure (see Fig. 1*0 .
Figures 13, 1^, and 15 shov; the response of plenum
pressure to different wave lengths. Pressure in the plenum
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is primarily based on the plenum volume and the difference
between the air flow in and out of the plenum. As the
volume is decreased (increase in draft), the plenum pressure
will increase. Comparing plenum pressure with average
draft, you can see that the two are in phase. In addition,
the pressures into the bow and stern seals are in phase
with the plenum pressure.
Figures 16, 17, and 18 show the stern seal leakage
that occurs under different wave lengths. The value of
stern seal leakage is based upon a calm water baseline
leakage rate of 6^17 cubic feet per second at a plenum
pressure of 92.8 pounds per square foot. Since it is not
known precisely where all the leakage does occur in the
craft, it is assumed that all of the baseline leakage does
occur out the stern seal. The values of stern seal leakage,
under wave conditions, are based upon the principle of
Venturi flow. For the same area of stern seal gap, the
amount of stern seal leakage will vary proportionally with
the plenum pressure. As a result, the stern seal leakage
rate is in phase with the plenum pressure. No bow or
sidewall leakage occurred at the wave lengths shown.
The input fan flow rates to the bow seal, stern
seal, and plenum are shown in Figs. 19, 20, and 21. The
fan flow rates are based on a function of pressure. Since
the fan characteristics are nonlinear, a series of linear
curve-fits for the pressure versus input fan flow rate is
used. The slope of the pressure versus input fan flow rate
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changes at different locations on the plot, with the result
that the fan flow rate causes a more rapid increase in fan
flow rates at lower pressures. Basically the fan flov; inputs
are out of phase with the pressures. In Fig. 19 and 21,
negative fan flov: inputs to the bow seal are not shown.
The maximum negative value that did occur was approximately
-150 pounds per square foot.
Figures 22, 23, and 24 show the total fan power
required to produce the necessary input of air flow. Of
interest here is to note the double frequency of oscillation
that occurs. The total fan power is based upon a summation
of fan power required for the bow seal, plenum, and stern
seal. In turn each individual fan power is based upon the
pressure times the fan flow input. Since pressures and fan
flow inputs are out of phase, the maximum power requirements
will occur when the pressures are the largest and also when
the fan flov; inputs are the largest. This results in the
double frequency of oscillation of the total fan power
requirement
.
2 . Astern Waves
Wave lengths of 72 feet (X) and 108 feet (3/2 X)
are shown in Figs. 25 through 40. Wave lengths of 36 feet
are not shown for astern waves since they follow approximately
the same sinusoidal phase relation established for the 36
foot wavelength of ahead waves.
Figures 25 and 26 show the relationship of the
center of gravity acceleration to the wave. The maximum
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acceleration lags the wave by a small amount. Figures 27
and 28 show that the bow acceleration is in phase with the
center of gravity acceleration, as is to be expected for
a rigid type ship.
The average draft response is shown in Fig. 29 and
30. No phase comparison between draft and wave can be made
since this is an average value. The value of draft is
primarily dependent on the value of plenum pressure.
Figures 31 and 32 show the response of plenum
pressure to different wave lengths. Basically the plenum
pressure follows the average draft response, but Fig. 32
shows how the plenum pressure can deviate from a sinusoidal
motion. Both bow seal and stern seal pressures are in
phase with the plenum pressure.
Figures 33 and 3^ show the stern seal leakage for
different wave lengths. The stern seal leakage rates are
in phase with the plenum pressure response as a result of
the same reasoning used for ahead waves.
Figures 35 and, 36 show the bow and sidewall leakage
rates. No sidewall leakage occurs at the 108 foot wave length
(Fig. 36). Leakage will only occur when a gap is created
between the bow seal and water surface and/or the sidewall
and water surface. The amount of leakage rate is dependent
upon the area of the gap created and the pressure of the
plenum. The principle of Venturi flow applies to the leak-
age rate. When sidewall leakage did occur (Fig. 35) s this
leakage occurred at the forward part of the sidewall.
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The input fan flow rates are shown in Figs. 37 and
38. As with ahead waves, the input fan flow rates are out
of phase with the pressures.
Figures 39 and kO show the total fan power required.
Again notice the double frequency of oscillation that occurs.
This occurs because of the same reasoning used for explaining
the ahead wave case.
E. AVERAGE AND FLUCTUATION VALUES OF VARIABLES
Average and fluctuation values of selected variables
for various speeds, wave directions, wave lengths, and wave
amplitudes are shown in Figs. *J1 through 80. The variables
that are shown in the different figures are: Pitch, Center
of Gravity Acceleration, Bow Acceleration, Draft, Bow and
Stern Seal Pressures, Plenum Pressures, Stern Seal Leakage
Rate, Bow Seal Input Fan Flow Rate, Plenum Input Fan Flow
Rate, Stern Seal Input Fan Flov/ Rate, and Total Fan Power.
The fluctuations, and not the average values, of Bov; Acceler-
ation and Center of Gravity Acceleration are shown since
their average values are approximately zero.
The average values were calculated by adding the values
of a number of data points (20 to 50) along a full wave
encounter cycle and dividing by the number of data points.
Either one or more full wave cycles were used depending on
the number of data points available in each wave cycle.
This summation of values was necessary because of the
non-sinusoidal nature of certain variables.
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The values of fluctuations used were based on taking
the difference between the maximum and minimum values of
the variables.
The dots shown in Figs. ^1 through 80 represent the
data points. No interpolation was used between the data
points.
The values of wave length and wave amplitude are denoted
on the figures at the right hand side of the last data point
used. A 36 foot wave length and 1 foot wave amplitude is
denoted as 36 x 1.
Figures 4l through 60 are for ahead waves (directly on
the bow) and Figs. 6l through 80 are for astern waves
(directly astern).
A discussion of the results obtained in Figs. ^1
through 80 is contained in later sections.
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A. CAPTURE AIR BUBBLE CONCEPT
The Capture Air Bubble (CAB) ship is designed to run
along the water surface on a cushion (bubble) of air. The
concept is to "capture" the air supplied by fans in the
plenum by using rigid sidewalls and flexible bow and stern
seals. The air that is captured in the plenum area will
reduce the draft of the craft and in turn will reduce the
amount of drag. This allows a higher speed at a given
amount of thrust for the CAB ship than a conventional
monohull craft of the same gross weight.
In the computer simulation of the 100- B SES, an initial
base leakage of 6417 cubic feet per second was assumed to
occur out the stern seal under calm water conditions at a
plenum pressure of 92.8 PSF. The plenum volume, under calm
water conditions, varied between 9,200 and 10,200 cubic feet.
The variation in plenum volume is due to the speed of the
craft. At slower speeds the draft was greater causing a
decrease in plenum volume.
No matter what the speed of the craft is, the calm water
results indicated that the volume of the plenum was replenished
approximately every 1.5 to 2.0 seconds. A leakage of 6*117
cubic feet per second may not be considered as extremely
excessive, but the fact that the plenum is replenished
every 1.5 to 2.0 seconds appears to be in contradiction to
the theory of the "captured" air bubble.
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Figures 51 and 71 show that increasing speed and increa-
sing the wave amplitude will reduce the average rate of
stern seal leakage. The average plenum pressures and the
bow and stern seal pressures also decrease with an increase
in speed and wave amplitude as shown in Figs. ^7, ^9, 67,
and 69. This agrees with the computer program since leakage
rate is dependent upon the area of the gap created and the
associated pressures. However, the average input of air
into the bow seal, stern seal, and plenum also decreases with
an increase in speed and wave amplitude as shown in Figs.
53, 55, 57, 73, 75, and 77. This is contrary to the computer
program where a decrease in pressure causes an increase
in input air by the fans and vice versa. The average total
fan power required also decreases with an increase in speed
and wave amplitude as shown in Figs. 59 and 79.
The computer program assumes an initial gap at the stern
seal of 25.52 square feet. An additional gap is calculated
due to wave conditions. This additional gap will occur only
when the wave surface is approximately below the level of
the keel. The total gap at the stern is then based on the
initial gap and any gap due to the wave. It was found that
the area of the gap due to the wave had little or no effect
on the total area of the gap at the stern. This was pri-
marily due to the small amplitude waves used in the study.
From the results obtained of the input of air by the
fans and the total fan power required, it shows that the
more severe wave conditions require less input of air and
131

horsepower. The volume of the plenum was still being
replenished by air about every 2.0 seconds.
B. WAVE CONDITIONS
Wave lengths of 72 feet (X), both for ahead and astern
waves, had the smallest effect on the performance of the
100-B SES. The amount of decrease in speed from the initial
speed input to the steady-state speed was the smallest for
a 72 foot wave length. In addition, the center of gravity
acceleration and bow acceleration were less for the 72
foot wave length than either the 36 foot or 108 foot wave
length. Generally the average stern seal leakage rate,
total fan power, bow seal input of air, plenum input of
air, stern seal input of air, and bow seal, stern seal,
and plenum pressures were higher.
Although it is not known why this result did occur, it
appears that a wave length approximately equal to the
length of the craft gives the best performance of the





The performance of the SES 100-B, as determined by
computer simulation, did not vary appreciably between ahead
(directly on the bow) waves and astern (directly astern)
waves under the same wave conditions. Steady-state speeds
were larger, average plenum, pressures were slightly higher,
the fluctuation of pitch angle was larger, and the average
draft was slightly less for astern waves as compared to
ahead waves. The other performance variables shown in
Figs, kl through 80 were of similar values.
Under similar wave conditions, the computer program
showed that the craft could proceed through larger amplitude
astern waves than ahead waves. Table IV showed, for
example, that a wave length of 36 feet and wave amplitude
of 2 feet from astern could be run at a speed of 60 knots
(vice only 50 knots if the wave was from ahead) before a
negative fan power developed. The craft could run at a
speed of 40 knots in an astern wave of wave length 36 feet
and wave amplitude of 4 feet before an immersion depth
greater than 6.6 feet occurred. At the same speed, a
negative fan power condition developed for an ahead wave
of • wave length 36 feet and wave amplitude of 3 feet. Wave
lengths and wave amplitudes in this range are associated
with a state 2 to state 3 sea condition. Therefore, it
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appears that the CAB concept, and particularly the SES 100-B,
will be limited to calm or moderate sea conditions.
When bow and sidewall leakage did occur, generally the
amount of leakage was larger at the slower speeds for a
given wave condition. Table VI shows when bow and sidewall
leakage did occur. Increasing the wave length resulted in
larger leakage rates out the bow and sidewall. Under a
given speed and wave condition, the magnitude of bow and/or
sidewall leakage was larger for an astern wave than an
ahead wave.
As speed was increased, in general the average values
of pitch and draft increased with a corresponding decrease
in their fluctuation values. The fluctuations of the center
of gravity acceleration and bow acceleration also increased.
As speed was increased, in general the average values of
bow seal, stern seal, and plenum pressures decreased with
an increase in their fluctuation values. The average
values of stern seal leakage also decreased, in general,
with a corresponding increase in fluctuation as speed was
increased. The average inputs of air by the fans to the
bow seal, plenum, and stern seal decreased with a corres-
ponding increase in fluctuation as speed was increased.
The same trend also held for the average and fluctuation
values of total fan power.
B. RECOMMENDATIONS
The following recommendations of additional areas of





The results of the computer program showed that the
air is being replenished in the plenum every 1.5 to 2.0
seconds. From the CAB concept, this appears to be an
excessive amount of air input required. It is recommended
that the results of air leakage be compared against those
of the SES 100-B to see if this is actually the case.
2. Air Inputs by Fans
The results of the computer program showed that an
average decrease in air input by the fans and an average
decrease in the amount of fan power occurred when a more
severe wave condition was encountered. This does not
appear feasible from the CAB concept. It is recommended
that a study of the modeling of the air inputs by the fans





The amount of stem seal leakage is based upon the
total gap (both initial gap and gap due to waves) that is
created at the stern seal. The amount of stern seal leakage
Is then dependent on the total gap and the plenum pressure
that exists. It is recommended that the computer program
be revised so that the amount of stern seal leakage is
listed in two parts: leakage due to the initial gap and





A minimum initial speed of 35 knots was used based
on the results obtained in Fig. 2 and Appendix A. No
computer runs were made to obtain the minimum critical
speed between 30 and 35 knots under different wave conditions,
both ahead and astern. It is recommended that an investiga-
tion into the minimum critical speed that can be used in
the computer program be made to determine what effect




Validity of Computer Data
Little or no performance data on the SES 100-B is
available here at the Naval Postgraduate School. To check
the validity of the computer data obtained in this study,
a comparison of the performance data of the SES 100-B
should be made under similar sea conditions as used in
this study. A complete evaluation of the computer program




The range of wave conditions was very limited in
this study. Although basic trends could be developed, it
is recommended that additional computer runs be made using
simple waves from abeam and then using complex waves composed
of 2 or more different waves. Realistic sea conditions





CALCULATION OF CRITICAL SPEED
From Newton's Second Law it is known that
F = ma (3.1)
The longitudinal force, F
, is equal to
F = Thrust - drag (3.2)
-A.
Considering thrust as being constant, then we need only
be concerned with those terms involving u to find the
critical value of speed. Since u is composed of those
terms that are u and u~ dependent, Eq. (3.1) and
Eq. (3.2) can be written as




) + Thrust (3.3)
Linearizing Eq. (3-3) by letting u = u + 6u gives
-m 6 u = k n (u
2
+ 2u 6u + 6u 2 )
1 o o
. i
-1.56 /, . 6u\-1.56 m , , / 1, \
+ k u ^ (1 + —-) - Thrust (3-4)
2 O U
o
Applying linear approximation, since we are interested
in a steady-state critical speed for u , and by specifying
137

that u " = u~^ , Eq. (3.^0 can be written as
-mfiu = (2k, u ) 6u + k u 3/2 (1 + u ) 3/2 (3-5)1 o 2o o





(1 + ^ a/a
s (3 - 6)
(1 + x)
Noting that
(1 + x) 3/2 [(1 + x) 2 (l + x)] 1/2
(3.7)
(1 + x)(l + x) 172
and that the value of x, which is equal to -— 5 will be
o
much less than 1, Eq. (3.7) can then be written as
3- -rn =
-±. -=1 (3.8)
(1 + x)(l + x) J/ ^ (1 + x)(l)
Thus Eq. (3.5) can be written as















For 6u = 0, the critical speed, u , is from Eq. (3-9)
2k, u = k u 5/2 (3.10)
1 oc 2 oc




( 2k7 } (3 ' 11}
The values of k_ and k~ are determined from the calm
water forces listed in Table III for 30 knots.
k
2
•-= FXPWAV = 5.898 x 10 3
QCn „ -\ r, 3k
1
= Total Forces - FXPWAV = 3.867 x
Converting k_ and k~ into feet per second gives




3.867 x 10 3
1 (50. 67)
2
where 50.67 feet/second = 30. knots.
Solving Eq. (3.11) for u gives


















lu • o LU
h- • O H-
ll <: to uj —<z
o s: a oo •-<
c^ • z
z oo— o z o
o u_ «o o a z
i«C •—
I
OCX LU .-<<O J— I— LU 00 f—
LU < __ M < 2
o z -« z s: o •
< O >- •—< CC —
i
_J • • »CX •
< _l O- _J O —tj— ZS_J_J001U »Q
co h- a. _jcl u_ <t<>Luooooujaa-o*
< X o < lu • rxz Qj:<c>QOa:i/jX Q lu zocc t— oo ex lu< 'MOhoaiujI
i_i h >uj ^ iq uj _ju_s:oocQoo:2<xa-<cx
O f— X Y~—*Z 002 O —<LU <l
Z Z> h- < LLI LUQO UJ OLUCXLULULULULULULULU
lu a. -< o o °s:zo i— uz^zzzzzzzz
Q. Z 3: —J >—00>-'OUJ Z <MOwMMWlHtHl-IM
Q. -< LL Oh- OO') t~i h- CH h- h- \— h- I— I— t— (—
< ^ OOZ LU r^JDaDDDDDDDn
LU O Z-iQOZWZ z <o oooooooo
_J LU h-ioZoO <-> >-* CCoCZcCO'cCcCCCcCoCCC
ex. o oOujmz LUrtJ^co^'i'ifQcQ co com
51 00OO00t-»-<LU oo HDODDD32Z1D
<I <I LU •LU <I 51 LU —KoOZoOoOOOoOoOOOOOOO
oo f- o oozn^_j-< r> _)
< _i —«o<h- _i a: cc cc cc cc cc cc cc cc cc
a < z uj> < ^onooooaooo
> .-.LUt-CXf— > OLLLLLLLLU-LLLLLLLLLL
.
lu szujq; —ill
_) • LU^^H< . IIIIIIIIII
Q. —«OS"H- Zh- CM XOOOOOOOOOO
51 O «m _Jt-coO O Oh-l-Hhl-hhl-l-H




















oo Oo oO'-'H-h- O MW2222222222O I— '-'I—ZZ O __ OO 00 oo oo 00 oo oo oo oo 00
<I CXZ>—«>—'"-' 00
h- <Mz.ta: i— i— i— i— i— i— i— i— i— t— i
—
oo Z K-LL^-tCXCX z i-zzzzzzzzzz
-H LU OO LU _<2r •-i »-•-<>-"-<-*>-<>-< •-<-<
21 oooooooo 2; — CC CC cC CC cC CC cC CC CC cC
cd lu lo«-<MWm lu oi o_ a. a. O- a. o. ix a. O- o_Z h-O—' k- o_M < t LaLTiLTMri < OOOOOOOOOOOOOOOQOOOO
_S f— O LT\ CM rO <f"m K -400«i-it-i>-iw>-"wwwMO oo —< I ( I I 00 >-
—i
i VOODOO o^omoinoinoui
_i _i o—<c\j t?)-T _j lcv—i—ic\ic\ir<"h-<-}Nj-*j-ir\m
o o o
ll n: —< ^ ^ i£ ^ ^c cxrM—^^^^^^-^^v::-:^h-OZZZZZ h-O ZZ*_ZZZZZZZ-£
LU Z •-<<<.< <l <I Z—< <<<<<<<<<<<
X 00_J_J_1_J_J OO _J_J_J-J_J_J_J_I_J_J_J


















o (-O o tu ft
z o 00 o
< o (X
o 00 <







•• o h- LU
\~ o c_ O0
< o o
s: o o z
CC • u, o • •
o >->-
LL o 1— cccc
z < <r<
(X < 53 sir:
LU CC sis:O —( o o =JO
LU o CC LL 00 00
h- o 1—
1






z UJ LU -J-J
•—I r-i X K O.CL
o H- zQ o *-« _J-I
(X o o <<
< o a: z OiXO o X >—
<
-.LU
o h- • l-t—
o • o OO £X<
«=_. x~< LU LU_I
o H- o >
o cx-o _J ex
LU t— OfX < CXO
OO o LLX > OLL
o H LL
* o o * X
ro o 00 ^-1 Nf xoO • o o Uh-
-*\- • OOO I—
1
\-—<0< ZlX o h2OS <o o _coo
CJ_ h- ooKO < h- H-
ZLL ocn z h-Z
LU CNJTNlO LU z>-.
2I(- OO | LU s: »-<cX
LUZ OO—<H- LU ixa.hH OO-'Z h- Q.
<o • • +*v—i < 00
h-a. o 1— •-<00>-i
oo —<z oo *—
<
o 1 o oJZ -J _l m—
*
o-. oo o
CXt— ni .—I"*_£UJ X-t'-<_^
»-<o OOZO h-O ZZ
zo-< 00<I-J Zr^ <<rOJOOOOJ< oo _J_J
























LU 00 u. l; 01 • OOOO in • zm
• h- LU l-H LU • S OOOIL r— <ujQ < h- o CL o O LLLLUL oo q:il
a: o < LU 00 o OO LU •CC I--
< l-H o a. 0^ Z LULULUa: < z •o o
z
l-H
Q OO aUJ < or cc cc<a: <<o O LL^—JCO LUQ t—t z a LU 1 H- DDDO Z UJLU
z 1—4 LU CL C^CJOOO l-H OO^
o —
*
LU 00 o U_ 00 0000 C(C<
<_> ^ -~ Q- • o q; h- <QUJ
LU z ^ 00 t- r>- CtCtCliLU mz sz>
OO < z z o Q •UJLULUQ. • •< C^IXJO
_i < H <t C* oc:_ja.Q_n. H —•O OO-CQ •
z CD _J Z 1- in lu o LU 1 LLQ-<tZ
a «— CO < oo ro SLUOCK.53 LU 00 < O
^- h- z • \D a:^ZDZDZ)-J • • LL • 1—1 |— |— l-H
h- O 00 o Hro O _i_j-Joo h- • h- t- \- LULLUJI—
< o Z o < U_LUOOOOOO < _J < 2LU < LU LUO LUO
5: < o so > z s: _J 2: i-hUJ_J_J 5: > LL LLUJ
QC < o LU Cli • h- OZZ^»-i a:o < CC LL_)_J cC i-h O OOO • > orn LU CQ -<>—« i—
i
CJ • 3 a
_J << omn- z»-*z
U_ 2: • Ul l-H LLO LU< OO LLC\| LU ll^_j2:3:3 u_r^.HH mDmlu





H-0> |_MWMX k _l>-l h- •3 OO h- •O QKQ<IZ \- OO o o • ZvQ ZOJXX>« «£ »JOO o «£ "—' LU—1 1—i *~< • ZvtCL m^mU
l-H o 3 h-H •~«r» •—iLU<i;<L<t | l-H < .-I 1—
1
O_J00 00!~ i—1 ^-tw OLUOZ
o 5: o • Z OCNJ U. | | IN a 30 »< HH< LU O nioaruj
Q. t- h-J- o< a >- X>-MX Q. UJ<_JLU Q. OO IS LL LL LU CL OO h— 1— Q_
LU o z LUI— o h-Z Qa:<oo Lunnu. UJ ZOZQ.O z z o< >—iOO o • « s •—» —• I— I— I— 1
—
o HQlil C~)Q O LU LUf—LU<Z < LUH- C^Z ZOOO> D^ ^OoOCQcoZ • z \-f-*Y~\—'Z z: cC <^> u>
l-H _i z l—100 <o -<oooooaao l-H • CC CC\— -IC0 OOZZm t—H 'OO Ul LL
H Q. o QT.Z >o l-NZKI- COCOCOcO i— mh-<^:Luiij (— f\JLU LULU t~ • LU UJZUJCJ
<I 1—
<
<to <m30^<<<< <L CC h- OK LU <l «ZLLi--ii-h_J <mci iOhoO _J h- >o OOQ ONC» > o O 00 CO 00 LL Or-<l-HOOO~J 0.—1 «h-<!:_j<o
_J < < —<_l _)OQ-LL«<« _J O. _J _j i~i»-h<: _j ZhLUQ^D *-*
LL a: 3 OOQ UJ LL~H C30C>—it-it—it—i LL zz-^^: LL C£XlLLL_S LL »-< UJ uj 2! LU 2Z f—
LU Of HH.J KX z Ot-hhH ZOOOh LUh-LLU-LU LULLLUH-LU<
z h- LU LU 00 ZCM-\cC alpaca: z o z l—OUJUJQ z uj ll tizaa:
l-H < KI 300 •—
' CT" UJ U_ LU LU LU LU l-H oooooox 1— ZZOOw 1—
1
_l ZCXLLla
O-J LU 00 C£'-« Ot-hozzzz OWZZZl LULUO^OO oz»-h<o<oo
oo • o 3o0 •X oo «X ' y t—ii—ii—ii—
i
oo iZOOOO 10 O-J 00 Zh O')
UJ —<>- a: cC>~i >-|— f- LUf-oiuc*: lu ino t-> i—1 1—1
2
LU UJCDU- luo< ou.s:u_uj
z> _J <>3 X CC 00 3 •- 'O LU LL U_ LL UL z> >-i|— h~(~LU z>is-s:oo< 3 • zctroooz
_j Zoo oo (— 1— <oo3 _> LL 1 hOOOO _J h-<<<—
J
_i • OLUi-cCL ^rrih-^O CC ^
< oz 00>UJc£ < 3_|Z < <K(— H- < C^h-U-QS < 2TO-X'UJU.ujO
> Ooo 003 hi > <LUh-t— H-f— > h-oooooot— > LLt-w < > <OOOI~ H-i-i
OOc-iLU •LUCtLJ<l— (NJhZOZZZZ OO LL LUCC jCLU O <UI<X
• LU|— h->t-Xt—
O
•(Mi. i—i UJ LU UJ LU • LLLLLL< • LU2QOCO • DUJZOZh
m t-<<a:<H- wlO —'cxo—isrs:: -<ou.ooOtf r— O -J og UJOO'-'Zih
o <Du<o OQLU O »o:d<OCDOO o •O O O ZLULULLuj O o<<ro<Qui
r-l o c? >-1 > *-> oo luz ^ Nrooi-ozs^s: m—1 cccxial vt-o<oo 1 <)- <QQQ.>rfOO wlilD QLU ZSi-kI om >-*ih O—'Qi'JjUJlJJ_j O •h-<<oo< OOOZzOWO<O Q ZOZhO o O _jO(— OOOOOOoO o LUcO'OcO< OO00 c<\ioOc£ • 2TLUUJOI-IO ci^
z>::Hhw<JOH <Zc£ 00 OO 00 00 cov 5:2: 1— v0^-'UJ<I Olu 1nujacLOQOUJK »-hO O—i «Q (— H-QLU<<<< 1— SDDDO H- Q> LU CC> 1— Q-CLQ- >
Z Q—iQ—'-< <-iZ z o-j>s:5:2:5: z DZZZH z: <JO< z Q-<<X>-M<
LU r-lLU LU Q *"H LUrOH LU 2! Ul > LU <
SZ LU<^<Z>-< 51'—
i
CO 00 oo oo oo i/) 51 00 00 00 00 s 00 00 00 00 2: 00 00 00 00 00 00
LU <rc: o wih- — LUrnor. 1 •—1 l—1 l-H 1—1M 1—
'
LUQ^MIHWIH LU <f" OO >—<—' •—' i-H LU
h- LL . »_j • >—1 •i^ |— C 1— 1 h •l-H H-mi-H H l-H
< • in—'m—
•
OmZ <o m Lnm inmm <l—» LntnmLn < • mminin < • inmmm inm
\~ inLLc\j<rn^CK<"i< H- CMn cm ot >t Lno r^- H--HLnt\jr0vMn h- mLnrMr0v4-Ln >— m cm r <t-m no r-
00 -hO 1 I Z_J 1 _J i/)^'-j'Mill) 00 -" 1 1 1 1 00'-'-4 1 1 1 1 oor<)-« 111 ||
1
O>-vQ<LU-0CQ cr> I 0-000>t)>0 1 vOOnOO I -oooo 1 -OOvO^OOO
_l vOOO—lH-<\J_J>C\|^ JOvO r-icoro^onvO _i vO—<r\jcn<r _j ^o—'tNjro-4- _j O -h r\Jm -T in vQ
o IU i-h CO OrsJ o
aui ^UJ^Oii—
'
JJ^O ct'-i^^^^ii:^^ cx:'-'^^^^Ni 0:^^^:^^^ cx< NJ^\i v:^^:^^
t-o zaczoz C.DZ • 1—oz zzz^zz l-OZZZZZ hOZZZZZ H-OZZZZZZ2
2-i <o<^<Oa:<o 2(NJ< <<<<<<t Zro<<<<< z^-<<<<< 2:<r<<<<<<<tOO _JLU_JLU_I D-J 00_J-J_l_l—)_I-J OO-J-J-J-J-J CJO_l_J_J-J_J CJO_l_J_J_J_J_J_l







or 00 « 2: h- UJ •
OO. LL O •-H X >-
• LU 00 00 • z 3
s: 02 a. Z SI »-H
o —
«
• < O CJ 1-
—*i/) Z ST z a: 00 2: a: 00oz >—<UU O t—t 1h- H- Z • O UJ
—I<t -J 00 r-J <H- Ct M 00
•CC _JfD z LU • U_ CCLU LL 1—
1
0^1— • <CD <
_J O O 1— LU UJ x
_J OO DC CO LL O CO t-
LLUU •-•co H co O LL LU
OlJJ l- O a: OZ Z z
^. a-Q LL CD < >—< — < zQ luz O 3: O 2: I—
<
QiLU X O CC oio: o: CC
<> • O z -<]• <LU »LU UJ
•ISO K-OI— DC <l • • LL 2 1 II-
vOCLrO LL<UJ <l h- 1m OiZUJLU _J
• CMO< <rOLU • & OUJ • 1m H • OLU LUO <
1- LL CC LU \~ CC <UJ h- LU • » h- u_o_: > • UJ
< H- O-J < coll <i LU h- O < UJ \- 00
2: klu <z 21 LL 2: LL < LU s:<o\- a: ujo « <r
a:, lulu OW-' CC JZ QC • • 2: LU CC t LLIIJJ>_| OO 2:O LULL ZOO h~ <l>-4 O i-\~ Z (_ Q- OOLU_JO< O cc h-
LL LL. <r _i LL UJ UJ LL—"LULU —1 O 00 il vO a _j^> z
t-O Z Z<1 LU 00 _J 1T1LUUJ LL (3> LU<1 LL z
h- «Z>—
:
—'q:lu 1— LL LU 1- • LLLL UJ D. l-MZQ- •
ZLT\>-< °<LUO0 Z 3:1x1 zin 0: I- 2. z •-iOt-00 a. 1— 00
>-<Lr\ LUl— LUt— h-H Z •a^ —<-ozz Z5 Z Z) H-l aiua Z <




X O OiQ-UJZ z *~4 3:
O- OZ 1U CC Q. ;Z LU a •CO O O. UJ LL3 —
1
O
z.-. LL.U.T7UI UK' 'Z> LULU •(— UJ a. •&\-0) O a. •
-«x Oluh- O O'-.LUO <JHJ> (— ujo: h- O •ZKZQ- DC 00Z X LU LUOO Z zoluco z << LULLJQ, z--<UJ >-H UJ • O
hh
_j 0: uj ;s -J 1—«l-h3< —<<3LLU- LULL z O -<<J^OLU z -J— z z
H- J«OhLL H-inXLLK 1—00:0: LL LL »— Z 1—0 Za:'-' —II— —
<
<0<J.aJZ3QLUO <h- 1-LLULU <t •33 zo h- >—< <t LT\iX •—• LU UJO h-
OCMJJOO OLU CO O • _jiuojc3 O'XM(/) Z-H < O O LU_j_jo: Q-C) < LU
—1 »00 00 LU —ir0<O Z _jcm -• a: • O z -J _jq:_juj O O 00
LL. Z 0_jO LL UJO-i— LL ix u: —.Uj h- -J LL _jUjlu—J C£LU _J








<< UJQUJm Z Ul M Oluco. LUO z
h-00<<Z<-D O-z< 3:3: Q OUJ >—
t
o: (^(tOCLli zz 1—
1
1-
00 (Ml/) 1LULULUZ I/) CO U. UJ LU 00 h- X o: 00 •0. OLU
LULO LL. CC _J a: t-> LU 1-hOCOO UJ h-H- K<LL LU LUO 2ZLLCL UJO •LLO< HIQ 3 •LLOCUU O << < OLU ZD 3 LLOO LLO O
_JLT\0 ZLL< J^DDLLS _J X _J _J Oct LU OZ _J LU
<C\J LULULUU.LU <£(M LLO < XX XH-LU<r < OS < LLLUZ — < z
> UUh-OlU —<_J > LLJ UJ^ CO > h-H- (-OH 0: > LU > LU (-CD h- > *-H
1—<<L3:0 l—OO OO QZ<LU CO 1— LU< 00O
• <Z—:t— LL e <L< LL • Zh • >-iLUZ> 6 2: «in<ozu. OLU • z
—1 Z-< < LU LUO r—
1
Z^LUO —( lu3:Q3:_jh-< < (NJ 3 r-iNZZwO of 00 CM LU
^olucdo: O 1—1 <Qi —J LU Q O Z •-'<0 xo O
Lncr>ooi—1 ox -O OLLrOh- r-^o 2:002:2-0:2: r-- comen- ctri— 1- co LL
ono:o LUOOt— O C£-J00X O'-iSIOZJZJZio-J LU o--^ cc 00000 >-
OvJ-OO LU_JoOO OOQ 00O •Z)Z .•r, :oz O 0--00 UJ_J
•OOWJLUZ soa SLU—
'
->Zluh- luluolu z> oouc oz LU
1—LOO <ZCCLU t— •OOi^UJ K-t<iaija_J_j _i t— 1— X •-0 h- 2:
z mcq<cl_j z 1SOO-X Z _io.za.a-xa. z a: z >Mh- 00 Z —i
LU X LU X LU a. LU LL LU X LU LU K
2: oo^OoOoo^ SI 1I/JOOOO 2: OOOOOOOOOO^ 2! 21 00 00 00 00 CC 2:
LU OOi— MMMM LU 00 ^-H—«—
1
LU 00—< >—'>—< •—1 >—< •— LU 00 LUO 00 1— —• •—
1
—1< LU OO
H- •""* l- »—
!
1— t—i h- (-H h- • >—
4
h- —1
< LOLOLOLnLn <r- I-nLTtLO <•-j LnLOLamLnLn <^o <—« Lair\LTi La 00 <
J— IClCMrCiLTivO^- 1— O'-TKNjn^- HrnLofNjmvj-Lnsor^ 1— • LO t- 1 LnrsjrOsj- •LOU J \- LO
00LC\—< | 1 1 1 1 00 •—
1
1 1 1 00 •-< 1 i i i i i 00 r—
1
00 -i| 1 I z 1 z 00 —
• | OOOvOO rn 1 OOvO 1r> 1 voo 000 I 1 OOOOOm 1
_jr-vO~i c\j<rtr\vO -jinvo —ifMro _j <pvO—'(\lro<rLO|vO _J sO _i v0'-, f\lro h-,^'0 _J OO 1- z O
cc^^c^sc^:^^. a:—<:*:*::*:*: oc—t^c^ic^.^^.^ o:(nj^: Qt^Ni^^s^^-i^LU CCCM^HOZZ2ZZZ h-OZZZZ I-OZZZZZZZ t-oz t-ozzzzoz t-oz
zm<<<<r<< ZvO<<<< zr-<<<<<<< zr-< Zco<<<<z<Q ZCO<
00_J_)_J_J_J_J OO.J_J.J_J 00_l_l_J_l_l_l_l cio_i OOJJJJOJ3 oo_j

















U.X < D. DC
o LU o o
otzuj X LL
<"-•> • 3:
mis o oo 00 o < •
r^aiQcD •Q
_J CD • 1— zmo >-<< DZ < OO < o
•LLO • zo O OOLLI o a:
»0 CCV- ft • •oo 0(_> • o • HI
\~ 1— H-UJ Z I— O0Q OLU 1- t- LU h- O LL LL
< LUZLU O < UJZ LUO0 < <t < LUZ o o
s: ujluu_ t—i 5; luo to s: 21 OO s: >M
ac u.o 1— DC OiO z CC q: LU • DC >—
(
o oO 2 o a OUJ CrCi-t o O LU 1— O l-Z z z
LL 2^h-i LU LL LUOO lu LL LL aL uj LL t—<l—
1
UJ LU
•<r —ilu 00 U CLLU O ILl OO
i- • Do; 1— 2 OO r— h- LU »UL H o^- —1 _J
z —<clolu DC Z Zh ooa: Z ^ Dh ^ D-K < <







o oaro Q O Z LU> O O OLU" O > » o o




dOq: Z) jwwoa: —' UJ Luaroo OO O0O oil— c£ o OH LUlJJ O O —zo OK i LUOD.Z LL • z z-o luo a: z z hD z: « i cc o o
*-" LLLUO f-LL 1—
I
<.s:cc lu • — 1—
<
00 t— »—«c\ 1 OLLZ H h-h-OOZ luo (~ ozo>- t- 1— •ujim h-CT i LUO 1-1
<a • *-*a UJ < ZcLLU>-cOO < • • < 00 LLI I— —I <. O O Q
Orna_J>-i LLO o DUJG 3D o HI- o 1— QTOCi. O QlUJ LU LU
_J «-«qCO hH
_J -<o Lua:t~ _J LULU _J ZC5Z2 _J •ZLUQi 00 00
LL OUJtX luh- LL. HuZh O0 u_ LLILU LL UJ LLI LU< 1L O0*—!— O O 3
oct— i— • • qK. 03*-<<LL LLLL ZO-J f— ZOO2 hZ2l-0<a: Z luo: cLOO z z O LU ZOO LLI LU 00 a O
»-• Z LU LLJ LUi-O —* —I LU z -< ZZ ^-•« 0-2:llj> .-<C\lZ_JOLU CL CL"
LUOOUJI— O"00 u_a:_ipr o>-< K-(—
I
5Z^>< « ^o q: < <
OOinO LL<0000 O0 ujooozq: 00 00 O <3: 00 LP . ZH-Q. o o
LU • 5LLL a: lu LU QU-ZmwD LU XX LU DOS LU-JIZ«
D-IU.OOZ ZZ o <r-l—
O
o H-l- O Z oo o t-H LU 00 oo
_i
i oo: — H-—<^ _j oiuj' oo: _J OQ -J LU>-'0Ot-< _J IhJ 1— —
< LLUJ O o < Lus:a:uj<o < 2 '^^ < >o»-< < OO LL CO X X
> lu kzuj<m > O -« LU _J h- LU > LU2 > << O > LUr— <ICD h- 1—
h- lu <r< a uljx Ot—OLLOOOO _J 2DQa: LU»_HQiO
• <uzQ-wa:i- O OLU 3 • in lu «o x«:< • CXtXQCD • •
r~t ZZwW« C\J QiOOOQ< —•<) LUO OvJ » LL <0 r~imoo O o
o —<o UJ o ZC£ Ol- o •oz oo OJU OCM _J_J-J o o
OvOQf-o;artfa:o o> _j>-< a:u_o Or-<zuj —•CO < o CNJ • _j<<r<r ro <f-O •a£t/>OLULULU< o <,— —ILU Z —irouja: r-lr-4 o:hoz r-<O <I *—* '—' —" —4 f—
1
oino^oQaDa: o m <X" <Q LU o DiLU O lui-sto o Hh t— t— o Oi-»OQOQ QOUJ f-<2ros:oo LLILL CDmQU I— •—i »—ti—
i
h- O 300> h- M|- >—4_Jt—< <J H- U.LU t- '3SZULU h- ~zzz 1— 1—
2: >Mac^oi< Z 2: oo ll a:i—3 Z LUQi pr • O>-iLU00 z z*—**~**~* z z
LU X LU 1*4 LU 0£ UJ IDZ 00 UJ —
(
LU LU





LU W"ZO LUO 00 -• *-* i—
(
LU IU
|— LPt-H h- f-i LLI t— CM h-O — O ^— • >—< I— 1—
<fM LT\ LOLTi LTMT\ LH < ininLnms: <ro ir\ < • on o <o inmrn <£ <
i— —«mfMro<(-Lr\vor*- (— LH C\) CO sj- in LU f— ^omrsj K-—
i
in c\i o c\j 1— ^incMmsf H 1—
00 •-. | | | 1 1 1 00 ~* I i i i y- oo -* 1 oo —* 1 —^ 1 OO -•III 00 00O 1 v0-0v0 0-0v0 i vo ooo<x. » v£> 1 s0 i -* I vO^OO
_i vo —' c\j en <* uv.g _l o —i <\j ro vj- 1— _j vO— _J '3<J^^ i—l—
i
_i >o—<c\jm —J _J
o o 00 O O • o o O
qc—i^i^vr^v:^^ cco^xix:*i^^c ct'-, ii ^ (XCNO^M ^i^i ar—i •XLs^XL-X. CL ex
1—OZZZZZZZ KOZZZZZW i-ozi: r-O zzzz \-ozzzz H- 1—
zo<<<<<<i< zcr><<! <<<^ ZO<< z~> <<<< 2!C\J<<<< zm Z<t
UO_J_l_J_l_J_J—
1





OOCDCOCOCOcOCOcO OOcQXlrXlCClLDf— OOCDcQ OO CO CD CD CD OOOQJDCDcQ oo OO
1H3

Q z Z Z
UJ i~t t—i —
«
Z
CC • _) • _J • _J
LLI • • •O <t • • •O <t • • • LO <tO roOOCNJ •-< cooo-t *-• vOO 0<J- •-•
z ro<x> oc\j h- r-tr^-ocNj k roo oc\i j—
o i-i-< in i z i-<—<m 1 z r-<c\j r~ 1 z:O • LU LU LU
< or or a:
00 j— IX) • uj • UJ
-« < «LLO LLO • LL
o ~llz -—llz — u_h • m«->o • in>--<o • in»-«
2: o • • »m MDO • • «o cnjoo • • »in injo
lu »-( coo or- uj noon uj r-o o—< •
2. a: c\jo o>-< llluoo .-isoo'M llluoo imco or\j ulujq
UJ LU —1—1 O I OoT. -*-ivO 1 ooi •-<—' 00 I 1O0CZ
h- s z>a: x<^ 5: xo
< X .XOOLU 2IO0UJ O.X00O
h~ 2 SDWa «DoOCL OTDOOILI
•00 < • o.2-uj • ^isilu • sujoo
h- x \— cc—*orh- 1— Q-HHQCh- 1- z:»-ta:
<LU Q- < • XQ-LLI < • OtXCLLU < • >-tXQ-Qr
5:0 -J 2! • »m z<t lu 5: » • «o <r lu s: »• «m • < iu
cxz < or coc\j Osi- *-hxzll a: <j-r\joco ziza. cc -to o-o oooo^rza.Ow O —'in Or-^ * »-.< o O^-O—• i-n— <q. O r-ivO O—' zz—
<
LU/) I— LL «••-<~l Is-! 00 OO U-O LL •—^r-ff"- I * LLO LJ_ • ,—I ^_| 0\| <l<t LLh-
2: o z<£</) >-< o oooooo >-t o u-u-oo uj
h-> m h-O <C<Lh- ILCD I—O 2T21t— LUcO h-r- h-LLUU
2:0 cc zn U.U.ZD3 zr- <i<zud ^.co _i_jzollhO CL —< r—1 »—1 O •—<^ LLLL*—' O »-<,-j <X.<t*-»
OH- O _J-UOOO O Ooo O UJIUOOOO
Q-00 (-) a. <<"c\lu2: a. • zzq.luz a. • • ooooa.uj.-i
h- . • 1 OJllJ 3M • "OOO X>-« « 00 Oca
000 o *o-.o om oooo<__i tD e o")o in >-> k-.< _j o • <}- 00 zz<jd
z«-< o 2: o<t- oo> h-<uj z —'roo—ixxk<uj 2: <j-in o-4 c£c£h-<omI LU 00 t~i -J,_i 001 S 2Oh- -« 0^~(CO I OOOOOI— *-h 0^—• —i I LUUJO
h-i— 00 h- h- ouo < h- xoo < h- h-h-Q 2:
<i o u <t coca 0:0: <a <^lj ccoc <i 0000 £-(DZ 2: O • LL< O • U-< O • LL<
-J"-! 00 ^T _J^ LLLLO-J2 _J-J LLLL.O—lie -J'-t LLLLO-JLU
LL. —* u_ 0<_) DO a. OO DO U- OO Xh-O" o d;cq_j «o;cq_) • cnco<
2:uj< o <i- 2: « • « £x:ouj<ll 2: •oocolu<u_ 2: • o a:ouj<c^
»-<O0h- 0T •"-' <T0 OO LULU CO h- —^ •vOOOUJLUCOl— *— »--H O LUUJCQh-
x< < o h-<f om colus o vOr\jo~-icouj?: o om ,-( v» coujs: o
00 o o uj 00 co^j o< 1 ^-Q.xujh_i 00 r*-.--(0 1 5ia.xuj'-< 00 r^-—' ^o szo-xiu^-1
LUh- LU uj f><s)zc£cr LU XooZiXix lu XooZoiai
3os: 00 a. x • 2: <h- x « 2: <h- x • 2: <h-jz< hh 00
_jr~- <>ooo lu _jo 0000 uj -Jr«- 0000 uj
<t oc x <t—1 00—"—< 00s <i —i 00 »—< >—< 00 ?_" <r -^ 00 ^-i—< 00 2"
>ooo 1— q: > M ox > *-* ox > •-* ox
<o lu • ooa:_J . ooa:-j • ooa:_i
• 3roi • (— « • O * Ooia:<0 • »0 •Or£o:<0 « . o • Oarct<l(D
o o. o < —t 'r-4 00 a:<<o> !%j «c\joon£<Ko> rn *o 00 oi<<o>
Oh- o 2 o cM-t 00 <roo o -t(\iom<oo o c\jm cmo <<jh~>
mzt— co o .so—< •—'—1 o t—o o^ »m^^-< 1 o 1—0 o »s)-^ r-<vf o t—o
»-ilu2: r-< 2: mo h-t-zz ^o h-h-2:x —to h-h-zz:
os;uj o —J 00 1— oooouj>-h 00 ^-oooouJ'-, or- ^—ooooLu ,-,
lus < r- ooc*:cc:xo r- ooqcqcxo co oooiorxo
h-h- O h- c_) h-r-« iXmmOZ h-—" oc t-"-,o,2: (——• o:wmOZ
Z<S: 2: 2: >-<U.U.UJO 2: >-«LLLLujO 2: H-.LLLLLUO
LUh- LU-^LU • LL O0Q.LU »LL WQ. Ill • LL OOQ-
5I00Q 5T 21 . O • LLLLCOO0 2: »0 LLU-CQOO 2: • O • LLLLcOoO
LU Z LU LU LLI .O OO LLOOXLU LU «^0 LLOOXUJ UJ h- OO LLOOOUJ
(—
_j< t— 00 h- rOro -<o o ooo: h- coc\|r-i »o oocr" h- »vj- rOO o ^ooi
<o < <r < rt)^ ~<f<i mm or < <\J •—t.
—
iq mm or < o^-^ r-iin mm ct:
h-aia: t— o h- mrsjrooa (— mojrooo \— mtxjrooo
^1— < 00 00 -<
I I
2:0 00 —< I I 2:0 o-) —i 1 1 zo
ZlU h- • |-0-0< • |v0vO< • I O0<joi _i 00 _i^ sO'-'Osi o _im \o-^c\i o _jc\j >o—<ovj o
OO00 O UJ O • OZ O • OX O • • QZ
a: ct 1— cc—< . • • »u>^:i.^>^z< cttNj .in »^r^:^r^r<i. arro • •<_) >o^^^z<
1— oox h- h~o r-omorozxzo i—o oozzza t—o -fcovfoozzza
X^h- ^fco ZO •fr)00}0(M<<<OLL ZC^ •CNJ'-iO<<<OLL ~Z.Q^ • -4" —(fO 0<\)<< <l_) LL


















oo > o -»
»—
i
< 00 UJ C\l
Z Z OZ o <t -< CMO (X -J o
i— u_ h- uj o
h- o • 00O u_o< h-




o <x. h- oo s:M h- Z CC,C0_/ UJ
h- oo UJ <a:uj t—3 »— i o 2<uj <




a. oo ^ LL UJ
1— oo <I CJ> "_l
00 < • hl-COO
l-H 2:<\j|— UJ COr-tOCQ OX UJh-< 1 I'-
UJMO LL UJ -4Z
o 1— H-O 1-1 <> IJJH O
X UJOUJoOZU-UJZO
X o C£ 2o •-« uj s:
H-4 —
<
Oh- Z: zu-Z)ocO UJ i^ZZD »i-« _JO
z s. mujwoO ZOU.
LU Qs:<a ».~<o
o. a: UJh- ULO <
0. o zi-zzd «Zh-
< u. LU< CD >-i U_O l~<<
Xh-O • o o
o 300 h-O LLO










O0 00 CO 00 00 OO 00 00 00 OO OO 00 OO 00 OO </) 00 00 00 oo oo OO O0 00 O0 00 00 00 00 U, 00
UJUJUJlULUUJUJLUUJUJLiJUJUjU-njJLULUU.iUJUJmUJLUUjUJujUJUJUjUJUJ
ooooooooooooooooooooooooooooooooooooooooooooocoooooooaooooooooZZZZ2Z2ZZZZ2Z2ZZ2ZZZZZZZZZZ2ZZZ
I I I I I I I I
I I I I I I I I
I I I I I
I I I
I




I I I I I
I I I I I I I I I I I I I I I I





vO ^0 co ro ^Oo vO (^ ro iO sO vO vOO ^sO co CO ro ro vO^ ^o r-i^ ro rO ro ro sO
h- ujoo:m< • i a. oooooooooooooLaooooooooomooooooo
lu ooai<ujz:Luo z oooooooooooooMAiAinooooooMniAmoooo
2! Oh~O3C>-<00 <-< •••••••••••••••••••••••••••••••
Z Oc£_) ^^vOvO"^^s0<^^vO ,^'^v0vt^l^-f--r>-^vO'--, '-< vOvJ*Lr\^-h-t^--4*vO'-J'-J







Oh- COO x —>—•—<•-'OOOOOOOOOOOOOOOOOOOOOOOOOOmZ3 oOOOOOh-h- .» .».. ..«...«.
I— oooooiuujujoo -i-i^-fininiaLnininoooooooooOsf^^sj-^^vt^^si'^





t— o—• I i 103 r^o<f^^^<^^r^c^ iOON r--or--r--ooo<)Lnc>r^-^r>-Nt- -o-4- cMOf<)
oot—z i ^-i—«—* o ^or^Of^^Ntooc^cNJCT^rNio^^L^rMcooo^c^cosfinu^rM^^vocno^
ooo—•—ic\ir<ih-_i •• « •
_lc£o oo_i r^ocMf^-^^r<^vOO> -ocOQO^NrvfcoiNJcoOcoO'-| frio>cMCM^-rs-r\jcO"-i
OwujzZ2Z<o oo-^o^co^r^^-j^rnrnf^oofMr^ooorvjocro^r^co^cocoino
o:u.oo2:2L5: 2C-JU. r^rNj vo(>J'^cocMON (^f^0^^c\jr^cNjint\jo^u^u^r^vrco<rr^cor^rMr<ir-^













sj-^st>t ^MALr\LT\Lnr^-^-r-rv~cococx)oococoooo'-^'-< '-'—<--<-JC\jm vj-^-ro^ -J"^^"^m >*-<»-<o coiou
,^.-4,-i^,-< f_<^,-<,-4.-<rW^,_l^^,^._|^,_4 Cjc\]c>JCNJ0\JC\Jl\ICNCM -i~( &£
•>•—
'
•> ^-i ro <J"
wwujujujluujujwwujujiijluijjujujwujluujujujwwujluwlu 2: o h-QQOaQDDOQoOQDOQQQDOOQOOODQQDOQnQOQOQQQQiAjWW<:<u.WWWODOOODOOOODOOOOOOOOOOOOOOOClDGOOOaOOOOQOOOOI-lJ.<Y^:^ZZZZZZZZZZZZZZZZZZZZZZZZ2ZZ22ZZZZ2ZZ2ZZ«< ZZZ
I I I I I I I I I I





_4 —I —I <
—
I—< r—I —' t—(—»f—It-Mf—It—J _| .—J ,—<_< ,—[.—<.—ir—I ,-4 ~~4 i—l_J,-.4,-H_|,—4_^,~l_(_(,—It—I ~J I r~i —* CC CC CC QC I I •—< >—< •—
«
I I I I I
I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I «t<aj<<<t<<









• • • •<MLT\v0s0m










o <ni -j-o cm ino roo >o ro ir\ c^ co f\im como co c\j roo oo co cj\o —* co *-* —* co in ror~r~r-~coo
o^c^cocou^coocOvOcoocoror^uo^a^naTcxjcMnr^^r^^^o^ cm
0^rf)s}-s0r^r<ia^vor<ir<~ir>-c\irOvOir\r0i-^fMcor<i^-(Ln>3" *oinoTmc\iinr\jo^or--in(0'-| r>- v-L>c\j •••••••••
t-i ^ir-i ,—
i









p. 36, 28 March 1973-
2. Surface Effect Ships Project Office Letter PM 1722 : SD ret
to Professor George J. Thaler, 7 December 1972.
3. Oceanics Inc. Report 71-84A, Equations of Motion of
SES Craft with Six Degrees of Freedom , Part I, by P.
Kaplan, J. Bentson, and T.P. Sargent, August 1971.
k. Oceanics Inc. Report 71-85, SES Motions and Loads
Program Users Manual , by J. Bentson, T.P. Sargent, and
A.J. Raff, August 1971.








1. Defense Documentation Center 2
Cameron Station
Alexandria, Virginia 22314
2. Library, Code 0212 2
Naval Postgraduate School
Monterey, California 939^40
3. Professor George J. Thaler, Code 52 Tr 5
Department of Electrical Engineering
Naval Postgraduate School
Monterey, California 939^0
4. Assoc, Professor Alex Gerba, Jr., 1
Code 52 Gz
Department of Electrical Engineering
Naval Postgraduate School
Monterey, California 93940
5. Assoc. Professor Milton L. Wilcox, 1
Code 52 Wx
Department of Electrical Engineering
Naval Postgraduate School
Monterey, California 93940
6. CDR A. Skolnik, USN 1
Surface Effect Ships Project Office
P.O. Box 34401
Washington, D.C. 20034
7. Mr. Sid Davis, Code PM-17 1
Department of the Navy
Surface Effect Ships Project Office
P.O. Box 34401
Washington, D.C. 20034
8. Mr. James E. Blalock 1
Department of the Navy
Naval Ship Research and Development Center
Carderock, Laboratory
Bethesda, Maryland 20034
9. Mr. Arnold W. Anderson, Code 1731A.1 1
Department of the Navy




10. Assoc. Professor D. M. Layton,
Code 57 Ln
Department of Aeronautical Engineering
Naval Postgraduate School
Monterey, California 939^0
11. LCDR Lonnie F. Cagle, USN
P. 0. Box 96
Dixon, California 95620





it v C Ia s s i fi i
DOCUMENT CONTROL DATA -R&D








I Some Performance Characteristics of the Bell 100 Ton Surface
Effect Ship
JkcRIPTivE NOTES ( Typa of report end. Inclusive da tat)
_
Master's Thesi s; June 197?




DNTRACT OR GRANT NO.
ROJCC T NO.
la. TOTAL NO. OF PACES
151
76. NO. OF REFS
5
»a. ORIGINATOR'S REPORT NUMCLIIini
£5. other REPORT NO(SI (Any othtit nuenbara that amy be maalgned
this report;
Iistribution stateijent
Approved for public release; distribution unlimited.




A computer program for simulating the performance of the 100-B
Surface Effect Ship is used to study the longitudinal motions of
the ship under various wave conditions. An investigation into the
effect that waves have on bow seal, stern seal, and plenum
pressures is conducted. The relationship between the different
pressures and their associated requirements of input air from
the fans is studied. It is concluded that the computer program
is limited to a certain range of speeds. The concept of the ship
capturing air to reduce drag and increase its speed is questionable
due to the rapid replenishment of air required to keep the ship
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